Study design Prospective cohort study. Objectives To evaluate the relationship between quality of life (QOL) after a traumatic spinal cord injury (TSCI) and acute predictors, with a particular emphasis on the initial severity of the neurological injury. Secondarily, to compare the QOL after a TSCI with the general population. Setting A single Level-1 SCI-trauma centre. Methods A cohort of 119 individuals admitted after a cervical TSCI between April 2010 and September 2016 was studied. QOL was assessed using the SF-36v2 questionnaire 6-12 months following the injury, and compared to the general population. The relationship between the initial severity of the neurological injury and the SF-36 summary scores was assessed using linear multivariable regression analyses. Results Individuals sustaining less severe neurological injury (grade D) exhibited higher PCS than individuals with grades A, B or C injury. Individuals with initial grade A injury showed increased MCS than individuals with incomplete grade B, C or D injury, with 42.9% scoring higher than the general population. The initial grade was significantly associated with chronic PCS and MCS. Conclusions The initial severity of the neurological injury after a cervical TSCI may be used to estimate QOL in the subacute period following the injury. Individuals with complete tetraplegia may report good mental QOL despite severe physical impairment. Our findings could help clinicians to determine realistic expectations for patients in terms of QOL, and optimize the rehabilitation plan based on the initial evaluation after a TSCI.
Introduction
Traumatic spinal cord injuries (TSCI) lead to severe neurological deficits and functional limitations [1] . Accurate estimation of the future outcome early after the injury is of utmost importance [2] . In fact, clinicians working in acute trauma hospitals need to discuss with patients and their families about the neurological deficits and potential for recovery early after the injury [3] . Moreover, the medical and surgical management also greatly depends on the longterm prognosis of patients. This is particularly true in cervical TSCI leading to severe functional deficits in the setting of tetraplegia. While neurological and functional outcomes after a TSCI have been widely studied [2, 4, 5] , studies on quality of life (QOL) are more sparse because predicting long-term QOL is highly complex. Indeed, QOL is a multidimensional phenomenon defined by the World Health Organization as "an individual's perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns" [6] , consisting in the evaluation of a person's life as a whole [7, 8] . Therefore, QOL may provide a broad bio-psychosocial aspect of the outcome in a more holistic way than the neurological and functional aspects.
While the initial severity of the injury (American Spinal Injury Impairment Scale or AIS grade) is recognized as the main predictive factor of long-term functional and neurological outcomes following a TSCI [2, 9] , its association with QOL remains largely unclear. Up to now, an association between QOL and the severity of the neurological deficits after an SCI has only been found when both aspects are assessed simultaneously during the chronic phase [10] [11] [12] [13] . Kivisild et al. [14] evaluated the relationship between the completeness of the SCI in the acute phase and chronic QOL, but they only adjusted their regression analyses for age and gender, thus failing to consider other potential predictors available at the initial evaluation following TSCI.
It remains difficult for clinicians to estimate future QOL early after a TSCI based on the initial severity of the injury, while taking into account other potential acute predictors of mid to long-term QOL. Accurate estimation of QOL based on acute predictors could facilitate interactions between caregivers, optimize the elaboration of a coordinated rehabilitation plan and improve counselling for patients and their families [11] . Accordingly, this study aims to evaluate the relationship between QOL 6-12 months after a cervical TSCI and the initial severity of the neurological injury, while accounting for other potential predictors collected at admission of acute care. Secondarily, we compared the QOL for our cohort of cervical TSCI patients with mean normative QOL observed in the general Canadian population.
Methods

Subjects
A total of 189 patients with a cervical TSCI were admitted between April 2010 and September 2016 in an acute Level I SCI-specialized trauma centre (Hôpital Sacré-Coeur de Montréal, Quebec, Canada) were potentially eligible. After consenting to enrol in the study, patients were followed prospectively during inpatient care and at the outpatient clinic appointments after discharge. Patients were included in the study if they sustained an acute TSCI at the cervical level (C1-C8) requiring surgical management at our institution, were aged 16 years or older, and attended the follow-up visits between 6 and 12 months post-SCI. Subjects were excluded if they had a penetrating trauma since these individuals are generally managed differently, as opposed to the general TSCI population. A total of 70 patients were excluded because they were loss to follow-up (Fig. 1) . The study was approved by the institutional review board and all patients were enroled on a voluntary basis.
Data collection
Socio-demographic, clinical and trauma-related data were collected prospectively during the acute care hospitalization. Socio-demographic data included age, sex, household income (<40,000$; 40,000-100,000$; >100,000$), employment status (active worker vs. unemployed/retired/ student), education level (less than college vs. college or beyond) and household status (alone vs. living with spouse vs. living with family member other than spouse). Household income was subdivided based on subgroups frequently used by Statistics Canada for the population of Quebec [15] . The severity of the TSCI was assessed upon arrival to the SCI-centre and was reported using the American Spinal Injury Association (ASIA) impairment scale (AIS) grade (A to D), according to the International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI) [16] . The neurological level of injury was dichotomized as high tetraplegia (C1-C4) or low tetraplegia (C5-C8). Trauma severity and the presence of associated injuries were assessed using the Injury Severity Score (ISS) [17] . The presence of concomitant traumatic brain injury (TBI) was also documented. The burden of comorbidities was also assessed using the Charlson Comorbidity Index (CCI), which weighs 19 comorbidities based on the adjusted relative risk of 1-year mortality and assigns them a score from 1 (conditions with a smaller relative risk; e.g. myocardial infarct) to 6 (conditions with a higher relative risk; e.g. AIDS) [18] . Quality of life in the subacute period following a cervical traumatic spinal cord injury based on the. . .
Outcome assessment
As a theoretical concept, QOL is a complex and dynamic phenomenon that has no simple single definition [19] . Few concepts in healthcare are often used to define the concept of QOL as a qualitative measure [20] . As mentioned in the introduction section, this study will use the concept of health-related QOL defined by the World Health Organization as "an individual's perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns" [6] . We thus used the multidimensional health-related QOL measure, the SF-36v2 questionnaire as our main outcome measure. The SF-36v2 is a valid and reliable tool that is widely used [13, 20] . The SF-36v2 consists of 36 items assessing eight distinct health domains, which are physically and emotionally based: [21] 1. Physical functioning (PF; limitations in performing physical activities) 2. Role physical (RP; limitations in typical role activities due to physical health problems) 3. Body pain (BP; limitations in usual activities due to pain) 4. General health (GH; one's perceptions of overall health) 5. Vitality (VT; feelings of energy/fatigue) 6. Social functioning (SF; interference of physical or emotional problems in performing social activities) 7. Role emotional (RE; limitations in typical role activities due to emotional problems) 8. Mental health (MH; emotional and cognitive wellbeing). Two summary scores can be derived, one for the physical component score (PCS) and the other for the mental component score (MCS). PCS is derived from the scores on the PF, RP, BP and GH domains, whereas the MCS is calculated using the VT, SF, RE and MH subscores [13, 21] . The eight individual domain scores range between 0 and 100, and the component summary scores (PCS and MCS) are standardized around a mean of 50 (standard deviation of 10) for the norm-based scoring according to the general US population, using the software provided by Optum (Eden Prairie, MN, USA). The SF-36v2 was administered at the routine follow-up visit between 6 and 12 months after the trauma.
Statistical analyses
Non-parametric analyses were used since the distribution was not normal for independent variables according to the Kolmogorov-Smirnov tests. Direct comparisons for each individual domain and component summary scores between individuals based on the initial AIS grade (A vs. B vs. C vs. D) were performed using Kruskal-Wallis H tests followed by post-hoc tests with pairwise comparisons in case of rejection of the null hypothesis (group similarity). The level of significance was not corrected for multiple testing, considering that such a correction may lead to significant weaknesses (for instance increased type 2 error) and should not be used unless it is imperative to avoid type 1 error or a general null hypothesis (all null hypotheses are true simultaneously) is required, which is not the case in this study [22, 23] . Continuous data were reported as means ± standard deviation (SD) as well as median and interquartile range (IQR), while categorical data were presented as percentages. The proportion of cervical TSCI patients with PCS and/or MCS reaching the mean normative PCS and/or MCS observed in the general Canadian population [24] (PCS: <50.5 vs. ≥50.5; MCS: <51.7 vs. ≥51.7) was also compared based on each initial AIS grade using χ 2 tests. As noted in Table 1 , a non-negligible proportion of patients (30% = 36/119 subjects) refused to provide information pertaining to some socio-demographic characteristics, particularly the household income, employment status, education level and household status. Individuals with complete data (83 subjects) and incomplete data (36 subjects) were similar in terms of all baseline characteristics (socio-demographic, initial trauma and clinical evolution), except for a higher proportion of women who did not provide information with regard to household income, employment status, education level and household status. There were 37% females in the group that did not answer all questions, as compared to 16% females in the group that answered all questions (p = 0.01).
Considering the presence of missing data for 36 subjects (for the independent variables), multiple (10) imputation analysis was performed using a Markov chain Monte Carlo (MCMC) algorithm. General linear models (GLM with identity link) were performed on the imputed cohort since the distribution of the standard error was normally distributed for our data. GLMs were first used to analyze the relationship between the initial severity of the TSCI (AIS grade) and the PCS (as the dependent variable). Then, a second GLM was performed to adjust for important confounding variables: (1) age; (2) gender; (3) neurological level of injury; (4) ISS; (5) presence of concomitant TBI; (6) CCI; (7) education level; (8) household income; (9) employment status; (10) household status. The same process was done for MCS (as dependant variable).
All statistical analyses were performed using the IBM SPSS Statistics 21 software (Chicago, IL), and the level of significance was 0.05. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research. Table 1 presents the baseline characteristics of the cohort, including socio-demographic, traumatic and clinical characteristics. A total of 189 patients (150 males and 39 females; mean age ± SD: 55.1 ± 18.5 years old) were admitted for a TSCI in our centre between April 2010 and September 2016, while 70 (37%) subjects were loss to follow-up. Losses to follow-up were significantly older and more likely to be unemployed ( Table 1 ). The final cohort therefore consisted of 119 subjects: 93 males and 26 females with a mean age of 51.7 ± 18.0 years. SF-36v2 scores were obtained 1 year after the TSCI for 91 patients (77%) and 6 months after the TSCI for 28 ) and RP (H = 16.408; p = 0.001) based on the initial AIS grade. Post-hoc tests showed that PF and PCS were 10-20 points higher with an initial AIS D SCI, when compared with more severe AIS A, B and C grades (p < 0.05). Post-hoc tests also showed that RP was increased in AIS D injury, reaching statistical significance when compared to AIS A and C injuries (p < 0.05). Table 3 presents the MCS and associated subscores (VT, SF, RE and MH) according to the initial AIS grade. The Kruskal-Wallis H test revealed a significant difference in MCS (H = 11.195; p < 0.05), while there were no differences observed for the four subscores contributing to the MCS. Post-hoc tests showed that MCS was significantly increased in AIS A SCI when compared with AIS D SCI (p < 0.05).
Results
Only one patient with AIS C injury (1% of entire cohort) reached a PCS higher than the average Canadian PCS (PCS ≥ 50.5) [24] . Conversely, 16 patients (13%) scored higher than the average Canadian MCS (MCS ≥ 51.7), including 12 patients presenting with AIS A injury [24] . The proportion of patients with a MCS higher than the average Canadian MCS was significantly increased for AIS A injury when compared to AIS B, C and D injuries (X 2 = 28.322; p < 10 The GLM showed that more severe initial AIS grade was significantly associated with lower PCS (Table 4) . This model was significant (p = 0.01), and explained 38% of the variance in PCS (R 2 = 0.381). The initial AIS grade was also significantly associated with MCS in the GLM, but in 
Discussion
Cervical TSCI can result in severe functional limitations and deterioration in physical, emotional and social areas of health. To our knowledge, this is the first study to document general expectations in terms of QOL using the SF-36v2 questionnaire, according to the initial severity of the TSCI and taking into account other relevant clinical variables available at admission to acute care. This study showed that the initial AIS grade was significantly associated with PCS and MCS in the subacute period following a cervical TSCI. This study also suggests that the severity of the injury influences PCS and MCS differently.
In accordance with previous studies [12] [13] [14] , a more severe AIS grade of cervical TSCI was associated with lower PCS in our study, indicating that physical QOL is significantly better with substantial preserved motor function. Completeness of the TSCI-assessed from the AIS grade-reflects the degree of the neurological deficits and potential for recovery [25] . It is also proportionally associated with resulting functional limitations [2] , which may limit the level of participation of an individual in various activities [26] . Improvement in physical abilities, such as arm/hand function and ability to ambulate independently, is one of the most important priorities for patients after an SCI, as it fosters independence, participation, and consequently affects positively QOL [27] .
Conversely, more severe AIS grade was negatively associated with MCS. Interestingly, 13.4% of individuals with cervical TSCI reported a MCS higher than the average reported for the general Canadian population. This observation might seem counterintuitive, but previous studies have showed similar results for the SCI population [28, 29] . Our finding could be explained in part by the following hypotheses. First, the algorithm for computing the SF-36 summary scores may have contributed to this result since PCS and MCS are both calculated from various physical and mental domains, and are thus negatively correlated [30] . Calculation of PCS involves positive weights for physical domains (physical functioning, role-physical, bodily pain, general health and vitality scales), but also negative weights for mental domains (social functioning, role-emotional and emotional well-being scales) [30] . As a result, for two individuals with the same physical domain subscores, the PCS will be higher in the subject with lower mental domain subscores, as mental domain subscores negatively weigh the PCS [30] . This highlights the importance of interpreting component scores of the SF-36v2 questionnaire in combination with domain scores [31] . Accordingly in Table 3 , vitality/role emotional and mental health scores were relatively higher in individuals with complete AIS A cervical TSCI, reinforcing that individuals with more severe TSCI may develop higher mental QOL.
Second, the relatively high MCS observed in some patients is also in agreement with previous studies showing that QOL could be discordant with the level of disabilities when using other QOL questionnaires [32, 33] . Individual characteristics may also contribute to the fact that some patients with neurological deficits may report good QOL despite severe disability. As the common understanding of a good QOL implies good health and a sense of well being, it seems intuitive that disabled individuals experience poorer QOL due to their limitations and role performance [33] . Accordingly, the concept of the 'disability paradox' has developed [33] . The disability paradox highlights the importance of personal experience with disability in defining the self, one's view of the world, social context and social relationships. Some individuals with disabilities may be able to produce and maintain a sense of balance between the body (physical function dimensions), mind (rational and intellectual capacities of the self) and spirit (having a purpose of life extending beyond the self), and therefore report good QOL despite their major disabilities. Some individuals [32, 33] . As suggested by Albrecht et al. [33] , individuals experiencing disability can find an enriched meaning in their lives secondary to the disability condition, and may reconstitute personal meaning in their social roles [33] . For instance, some individuals may find satisfaction in using available resources to conquer each day challenges and help others sustaining similar disabilities. In some countries, more severe disability may also lead to higher transfer incomes (compensation payments from insurances or government), which could potentially influence perceived QOL [34, 35] . On the other hand, individuals sustaining milder neurological deficits may experience unanticipated medical/psychological challenges (such as pain and higher depressive symptoms), and be more inclined to report lower QOL based on functional and neurological outcomes [36] . Rehabilitation approaches targeting improvement of QOL following a cervical TSCI may thus be adapted based on the initial severity of the injury. While all patients require education and should be followed by a multidisciplinary team addressing the emotional and cognitive issues after a TSCI [20, 37] , this study suggests that the need for psychological support should not be underestimated in individuals with less severe neurological deficits (AIS D cervical TSCI). These individuals can benefit from a holistic approach focussing on developing a harmonious set of relationships within the person's social and environmental context at least as much as individuals with more severe deficits.
Overall, patients in our study reported decreased QOL when compared to the general Canadian population on all eight domains, as well as on the PCS and MCS of the SF36v2, regardless of the initial severity of the neurological impairment. This is consistent with previous literature reporting a negative impact of the severity of the chronic neurological deficit on the QOL, especially for physical domains [12] [13] [14] 38] . However, the PCS of one patient with AIS C tetraplegia initially after the TSCI was higher than the mean values reported for the general Canadian population, despite the lack of improvement in neurological status during follow-up [24] . This supports that numerous factors other than the severity of the TSCI also influence QOL [27, 39] .
Limitations
One of the main limitations of this study is the small number of patients from a single hospital centre, limiting its generalizability. The loss to follow-up reaching 37% is also a recognized limitation. However, baseline characteristics of losses to follow-up were similar to those completing the study, although patients lost to follow-up were older and less likely to be active workers. Older age is typically associated with decreased mobility, which may explain the difficulty to comply with scheduled follow-up visits. A total of 17% individuals lost to follow-up did not provide their working status, in comparison to one patient in the final cohort with adequate follow-up. Consequently, our findings are mainly applicable to younger active workers.
The authors acknowledge that the relationship between TSCI severity and MCS is complex. Because QOL is a multidimensional dynamic process [20, 40] , clinical evolution may certainly influence QOL later in the process, in addition to personality, mood state, coping, pain and environmental factors [20] . This may explain the relatively low percentage of variance explained by the MCS model, when compared to the PCS model. Since the aim of this study was to help clinicians estimate QOL according to the initial evaluation following a cervical TSCI, factors related to clinical evolution were not considered. However, this study may be used by the medical and rehabilitation team to counsel patients about their expectations in QOL early during the acute care, and optimize modifiable factors influencing QOL during the rehabilitation process [26, 32] .
The period of time after injury can also be related to QOL, as previous studies showed its effect on adjustment after TSCI [40] . Approximately 75% of our patients were administered the SF-36 12 months post-injury, while remaining patients were assessed 6 months post-SCI. However, time to follow-up is unlikely to have significantly biased the results for two different reasons. First, Table 1 shows that the baseline characteristics were similar between patients seen after 6 months vs. 12 months follow-up. Second, additional univariate linear regression analyses involving the timing of follow-up and MCS or PCS did not show any significant relationship (p = 0.81 for MCS and p = 0.44 for PCS). Finally, Mortenson et al. [40] previously showed that QOL scores were not significantly different between 3 months and 15 months post-SCI.
Conclusions
This study suggests that a severe initial AIS grade is associated with lower PCS and higher MCS in the subacute phase following cervical TSCI. Severe neurological deficits may limit functional independence, participation and perception of general health, and consequently decrease the PCS. However, psychological challenges represented by such injury are not necessarily associated to the importance of physical limitations, as individuals with less severe AIS grades may present lower MCS. Our findings could be useful for clinicians working in acute care settings to improve early counselling between the medical/surgical and rehabilitation teams, along with the patients and family, in order to set realistic goals early during the first days after the injury. Overall, individuals with cervical TSCI present lower subacute QOL scores compared to the general Canadian population, when evaluated using the SF-36 questionnaire.
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